A molecular-beam electric resonance spectrometer has been used to study radio-frequency transitions b.etween the hyperfine-structure sublevels of the J = 1 state of IINa l17 I. Transitions for the first four vibralOnal st.ates have been observed in very weak electric field and near zero magnetic field. 
I. INTRODUCTION
A molecular-beam electric resonance (MBER) spectrometer has been used to investigate the hyperfine structure of 23Na l27 I. The present work l on sodium iodide and the study of potassium chloride by van Wachem and Dymanus 2 are the first spectroscopic measurements on molecules containing two nuclei with quadrupole moments in which it has been possible to resolve both the electric quadrupole and nuclear magnetic dipole contributions to the hyperfine structure. Our investigation of radio-frequency transitions between hyperfine sublevels of the J = 1 state oP8N a l27 I yielded values of the sodium and iodine quadrupole coupling constants for the first few vibrational states values of the sodium and iodine spin-rotation inter~ action constants, and values for the constants which characterize the scalar and tensor parts of the nuclear magnetic dipole-dipole interaction.
The sodium quadrupole and spin-rotation coupling constants in 23Na 127 1 have been measured by molecularbeam magnetic resonance experiments. a -s The state selection in the magnetic resonance beam spectrometer permitted contributions from many rotational and vibrational states, so the values of the sodium hyperfine coupling constants could be obtained only after a complicated analysis of the spectrum; moreover, the spectrum associated with the interactions of the iodine nucleus was so broad that no measurement of the iodine quadrupole coupling constant was possible. s ... ~e~earch supported in part by the U.S. Atomic Energy CommiSSion.
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The iodine quadrupole interaction in sodium iodide was first measured in a microwave absorption experiment by Honig, Mandel, Stitch, and Townes s ; they were able to make observations on the first four vibrational states, but their spectrometer was not capable of resolving any of the other hyperfine interactions.
II. THEORY
The Hamiltonian used to explain the observed radiofrequency spectra is 7 • s 2
where the subscript 1 refers to the 1271 nucleus and subscript 2 refers to the 23Na nucleus. The operators ( Q • V) i and C; (Ii' J) represent the electric quadrupole and nuclear-spin-molecular-rotation interactions of the ith nucleus; the remaining terms describe the tensor and scalar parts of the nuclear magnetic dipole-dipole interaction. Since the transitions between the J = 1 hyperfine levels were examined under conditions of very weak electric field «3 V/cm) and near zero «SO mG) magnetic field, the Stark and Zeeman operators need not be included in the Hamiltonian.
The earlier investigations of this molecule show that the quadrupole interaction of the iodine nucleus is much larger than the quadrupole interaction of the sodium. As a result, the most useful representation for the very weak field situation is and a denotes the remaining quantum numbers which are necessary to complete the representation. The energy of each hfs level, relative to a particular vibration-rotational energy state, is
where
and Bv is the rotational constant of the molecule.
The interactions of the nuclear magnetic dipole moments are small enough so that first-order perturbation theory is sufficient to calculate their effects on the energy levels of the molecule. The large quadrupole interaction of the iodine causes an appreciable mixing of the rotational states, however, and the sodium quadrupole interaction energy is not negligible compared to the separation between the Fllevels of the J = 1 state; so, the contributions of both nuclear quadrupole interactions to the energy levels must be calculated to second order in the perturbation theory. Contributions in higher orders of perturbation theory have been calculated for all the hfs interactions but they are small enough to be neglected in the present experiment. 
III. EXPERIMENT
The MBER spectrometer used for these investigations 9 is similar to those which have been described in the literature. 2 . 10 The beam is produced in an oven made of nickel, and the beam molecules are detected with a surface ionizer. The four-pole A and B fields which provide state selection are each 25 em long. The detected signal from the total molecular beam was typically 8X 10-11 A; the signal from state selected molecules was 8X 10-12 A on a background of 1.5 X 10-12 A.
The
transitions (F1=!, F=2).-+(Fl=i, F=4) at

MHz and (F 1 =i, F=3).-+(FI=J, F=4) at
78.9744 MHz were the largest observed; they were seen with a signal-to-noise ratio of about 10/1 as a change of 2.5 X 10-14 A in the detector current. The rf was applied over a 17 cm long portion of the C field, and the observed linewidth was 2.6 kHz.
For 23N a 127 I in the J = 1 rotational state, a total of 23 hyperfine transitions for II1Fi 1 = 1, 2 within each vibrational state satisfy both the selection rules and the criterion for observability in an MBER spectrometer. In this experiment, 16 lines were seen for v=O, nine for v= 1, four in v= 2, and two in v= 3.
IV. RESULTS A least-squares analysis of the data was made to determine the hfs constants. Subjective estimates of the quality of the spectral lines were used to assIgn weights to the observation equations. Since the observation equations are nonlinear functions of the hfs con- C. E. MILLER AND J. C. ZORN stants, there is no simple way to calculate the uncertainties in the final values of these constants. Therefore, the uncertainties were estimated by seeing how the output values of the hfs constants changed when one or more input values of the transition frequencies were slightly altered. Enough data are available for independent determinations of all the hfs constants in v=O and v= 1. Since the spin-rotation and dipole-dipole interaction constants in v=O and v= 1 are the same to within the accuracy of our measurements, we use the v= 1 values of CNs, CI, Ca, and C4 to extract from the v = 2 and v = 3 spectrum values of the quadrupole interactions in these higher vibrational states.
Our measured values for the hyperfine interaction constants are given in Table 1 .
If we express the quadrupole interaction constants in a power series of the form
the iodine quadrupole interaction can be described by a= -260 125.0 kHz, b= -3447.5 kHz, and c= 32.4 kHz. The sodium quadrupole interaction can be described by the coefficients: a= -4086.6 kHz, b= 25 kHz, and c= 4.2 kHz. These coefficients were calculated from the v=O, 1, 2 data because of the large uncertainties in the values of the v=3 coupling constants. The predictions made by using the a, b, and c coefficients in Eq. (3), however, agree with our measured values of the quadrupole coupling constants in the v=3 state.
As can be seen from Table I , the iodine quadrupole coupling constants in the v=O, 1,2,3 states of 23Na 127 I measured by microwave absorption 6 differ from the MBER values by more than three times the sum of the quoted errors. The reason for this discrepancy is not understood.
The magnitude of the sodium spin-rotation interaction constant measured by Cote and Kusch 5 is in good agreement with our result. Their value for the sodium quadrupole interaction constant differs by several percent from ours, but at least part of this difference could be attributed to the difficulty in analyzing all the rotational-state contributions to the magnetic resonance spectrum.
V. DISCUSSION It has been shown by several workers ll • 12 how a knowledge of the vibrational state dependence of 11 H. W. deWijn, J. Chern. Phys. 44, 810 (1966) . 12 C. H. Townes and B. P. Dailey, J. Chern. Phys. 17, 782 (1949) . quadrupole coupling constants helps to understand the nature of the chemical bond. Microwave absorption and molecular-beam experiments have given values for the hyperfine coupling constants in many of the alkali halides, but most of these experiments have given accurate values for only one of the quadrupole interactions in any given molecule. Measurements which fully resolve the hyperfine structure of the alkali chlorides, bromides, and iodides are therefore useful to test those theories which predict how both the alkali and the halogen quadrupole interaction should change as a function of the molecule's vibrational state.
For example, deWijn ll has proposed that the simple ionic model of a polar diatomic molecule should be modified to include not only the mutual polarization of the ions and the antishielding effects, but also the quenching of the ion polarizations by the repulsive forces between the ions. The different electron configurations of the two ions then leads to a different predicted dependence on vibrational state for the alkali and halogen nuclear quadrupole interactions.
For (eqQ) (halogen) in the deWijn model, the antishielding effects are small compared to the polarization of the halogen ion's orbitals; the electric field gradient at the iodine nucleus is predicted to change by 32X 10 12 esu/cm 2 per vibrational state, while our experiment indicates that the change is 61XI0 12 esu/cm 2 .
For (eqQ) (alkali), the deWijn model predicts an enhancement of the antishielding by the mutual polarization of the ions; the change in the electric field gradient at the sodium nucleus is predicted to be 2.2X 10 12 esu/cm 2 per vibrational state, while the experiment gives a value of 3.4X 10 12 esu/cm 2 .
The qualitative agreement between experiment and theory suggests that progress is being made toward the understanding of the nature of the bond in polar molecules.
